Insulin activates the Raf-1 protein kinase.
Several growth factors and mitogens have been shown to activate the proto-oncogene product Raf-1 protein kinase in murine fibroblasts, apparently through a direct agonist-stimulated tyrosine phosphorylation of the Raf-1 protein. We investigated the possibility that insulin could also activate the Raf-1 kinase, since its receptor also contains an intrinsic insulin-activated protein tyrosine kinase activity. In several cell lines expressing relatively large numbers of insulin receptors, insulin rapidly stimulated the phosphorylation of immunoreactive Raf-1 protein. In H35 cells, a line of well differentiated rat hepatoma cells, the effect of insulin was maximal by 6 min and at 7 nM insulin and occurred normally in cells virtually completely depleted of protein kinase C activity. The insulin-stimulated increase in Raf-1 protein phosphorylation occurred concurrently with a 3-fold increase in Raf-1 protein kinase activity. However, phosphoamino acid analysis showed that only phosphoserine and a trace of phosphothreonine were present in the Raf-1 protein after insulin stimulation of the cells. This was true even when investigated at shorter times (4 min) after insulin stimulation and despite the use of phosphotyrosine phosphatase inhibitors. We conclude that insulin can rapidly activate the Raf-1 kinase in some insulin-sensitive cell types but that this activation probably occurs through a mechanism distinct from direct phosphorylation of the Raf-1 protein by the insulin receptor protein tyrosine kinase.